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INTRODUCTION 


The investigation of major and minor coal-mine disasters has been 
a routine function of the Bureau of Mines since its inception in 1910, 
and the facts obtained during such investigations have been used as a 
basis for determining the precautions that the personnel of many mines 
are observing to prevent similar occurrences. The Bureau has conducted 
extensive research on roof-control problems, but a comprehensive study 
of fatal roof-fall accidents was not attempted until February 10, 1950, 
when the policy of investigating all coal-mine fatalities was approved 
by Bureau of Mines Director James Boyd. The investigations are being 
conducted by Federal coal-mine inspectors functioning under the pro- 
visions of the Coal Mine Inspection and Investigation Act of May 1941, 
Public Law 49, and reports covering the investigations are distributed 
to management, the State mine inspection agency, and representatives 
of the mine workers organization having jurisdiction at the mine. 


SCOPE AND PURPOSE OF STUDY 


This study covers the Federal investigation of 263 of the 315 
fatalities from falls of roof, face, or rib that were charged to the 
bituminous-coal industry during the calender year 1950. The number 
of roof-fall fatalities investigated is recorded by States in table l. 


The information in the fatal-investigation reports was condensed 
and arranged in such a manner that it would be useful to officials of 
coal companies and of the mine workers' organizations in planning fut 
ture accident-prevention programs; to safety instructors, who must 
present material of personal interest so that the causes of accidents 
will be well known to the class members, and so the means to prevent 
them will not be forgotten quickly; to safety directors, inspectors, 
and supervisors, who need such information to better carry out their 
duties; and for discussions at meetings attended by those who are 
interested in coal-mine safety. The ultimate objective is to provide 
information that will be helpful in preventing roof-fall accidents. 


CONCLUSIONS 
- During 1950, 67 percent of all fatalities occurring underground 
at bituminous-coal mines resulted from falls of roof, face, or rib. 
This fact again brands roof-fall accidents the "No. 1 killer" of mine 
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personnel and further emphasizes that a major effort must be made to 
prevent this type of accident if the total number of fatalities is 

to be reduced to any appreciable extent. This record is a challenge 
to all the forces that are interested in forwarding safety in the 
coal-mining industry, including management, labor, and State and Fed- 
eral inspection agencies; the problem is of such magnitude that any ef- 
fort to eliminate it merits the wholehearted ecoperevzen of all Rares 
concerned. 


The study revealed that 74 percent of all the roof-fall fatali- 
ties investigated resulted from accidents that occurred within 25 feet 
of the working face. It revealed, further, that three out of four fa- 
talities in this zone resulted from accidents that occurred in the 
relatively small area between the last permanent roof support and the 
face, the average length of which was 13 feet. This is the most dan- 
gerous area in the mines and is the place where special attention must 
be focused. The study indicated that a great many of the accidents would 
not have occurred if a more intense application of roof-support measures 
well known to the industry had been carried out. 


The average dimensions of 220 pieces of roof rock that fell and 
resulted in fatalities were 12 feet long, 8 feet wide, and 1 foot thick. 
The comparatively large average area of the falls indicates the great 
possibility of preventing their falling by the installation of a reason- 
able number of supports in the immediate face area. 


It is significant that only one of all the roof-fall fatalities 
investigated resulted from a fall of roof that was bolted. However, 
seven other fatalities did occur in places where roof bolts were used, 
but failure of roof bolting was not involved. Four of these occurred 
while the victims were drilling roof-bolt holes without the use of con- 
ventional supports for temporary protection, and three occurred while 
the victims were loading coal inby the bolted area without benefit of 
some means of temporary protection from roof falls. Sufficient data 
are now available to prove that roof pereene is definitely an effective 
means of reducing roof-fall accidents. 


One-half of all the face roof-fall fatalities investigated occurred 
in places where coal was loaded mechanically, though fewer men were en- 
gaged in such operations than were engaged in hand loading. This proves 
that mechanical operations are, to a considerable degree, the more dan- 
gerous from the standpoint of roof falls, notwithstanding that much 
closer supervision is possible and is maintained in such operations. 
These facts very definitely indicate management failure in providing 
sufficient roof support at working faces. It should be noted that any 
increase in concentration of employees due to mechanical loading causes 
an equal increase in the destructive potentialities of each fall of roof. 
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Therefore, a comparable increase in expenditures on roof-support instal- 
lations in such operations would be justified from an economic as well 
as a humane standpoint. 


Based on the number of men employed, the roof-fall fatality record 
for hand loading was somewhat better than the record for mechanical 
loading. However, roof falls also accounted for by far the greatest 
number of fatalities in hand-loading operations. 


Hand loaders, including those loading into cars and onto conveyors, 
suffered the greatest number of roof-fall fatalities. However it must 
be remembered that the number of hand loaders is greater than the number 
of persons in any other job classification. Loading- and cutting-machine 
operators and helpers rank high on the dangerous occupation list and 
account for 28 percent of the fatalities. Considering the relatively 
small number employed, timberman also had a very bad record, and fatali- 
ties in this group comprised 10 percent of the total. The fact that 2l 
of the roof-fall victims were foreman probably places this occupation 
in the "most dangerous" category and is an adverse reflection on the 
interest and competence of some supervisors in roof control. 


Human failure was responsible for 89 percent of all the investi- 
gated fatalities resulting from falls of roof, face, or rib, and roof- 
fall accidents that, it is believed, could not be foreseen and avoided 
accounted for the remaining ll percent. Management failure was responsi- 
ble for 48 percent of all the fatalities; employee failure accounted for 
29 percent; joint or undetermined failure, 12 percent; and unforeseeable 
accidents, 11 percent. The term "management failure" is used instead of 
"supervisory failure" because in many instances it was difficult to 
determine at what level in the chain of command the failure occurred. 


Poor-quality supervision at the face-boss or mine-foreman level 
was responsible for 84 (32%) of the 263 roof-fall fatalities covered 
by this study; 43 (16%) of the fatalities resulted from management fail- 
ure at an undetermined level, and it is very likely that some of the 
fatalities charged to employee failure to correct conditions that de- 
veloped in the absence of the foreman would have been prevented if the 
official inspections of working places had been made more frequently 
during the shift. 


This study indicated that there is a decided tendency to rely on 
roof testing as a substitute for roof supports, especially in areas 
where the roof is considered good. We have no intention of minimizing 
the importance of roof testing, and it should be adopted, studied, and 
constantly practiced in all mines. However, the judgment of the person 
making such tests should never be substituted for the minimum supports 
required in the systematic roof-support plan, but should be used to 
determine whether additional roof-control measures are needed. Moreover, 
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any systematic roof-support plan that relies solely on roof testing by 
stating that "timbers or crossbars shall be set where needed" is not a 
true plan but is merely a continuation of the old practice of leaving 
the whole matter of roof support to the judgment of the foreman or 
employee. 


The average period of mining experience of men killed in roof-fall 
accidents was 18-1/2 years, and the longest experience was 56 years. 
This fact does not support the theory, advanced by many of those engaged 
in the industry, that only inexperienced miners are affected by such 
accidents. On the contrary, it lends considerable credence to the 
theory of some that long and close association with dangers inherent 
in mining causes men to become inured to them, thereby creating an 
atmosphere conducive to accidents, 


Tnasmuch as the accidents that resulted in 234 (89%) of all the 
roof-fall fatalities investigated could have been foreseen and prevented, 
it is crystal clear that great strides toward the elimination of the 
"No. 1 killer" of mine personnel can be made, but only when all those 
who deal with mine safety make a more concerted and determined effort 
in that direction. 


DIGEST OF INFORMATION REGARDING THE 263 BITUMINOUS 
ROOF-FALL FATALITIES INVESTIGATED 


Fatalities by Location 


1. One hundred ninety six (74%) of the 263 roof-fall fatalities 
occurred at the face, 48 (18%) on haulageways, and 20 (8) at various 
other underground locations. 


2. One hundred forty nine (76%) of the 196 face roof-fall fatali- 
ties occurred inby the last permanent roof support. In 61 (414%) of 
these cases, safety posts generally were set at the face as temporary 
supports, and in 88 (59%) of the cases no temporary supports of any 
kind were set inby the last permanent support. (See table 2 for a 
breakdown by States.) 


The average distance between the last permanent roof support and 
the face (in those cases where the fall occurred at the face) was 13 
feet. Reports that indicated no roof supports set in the working place 
were not used in determining this figure. The 220 pieces of roof rock 
that fell averaged 12 feet in length, 8 feet in width, and 1 foot in 
thickness. The largest piece was 103 feet long, 25 feet wide, and 3 
feet thick; the smallest was 32 inches long, 18 inches wide, and 4 
inches thick. 
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3. Ninety eight (50%) of the 196 face roof-fall fatalities occurred 
in places where coal was loaded by machine. For the purpose of this 
study, machine loading does not include hand loading onto conveyors. 


4, Two hundred ten (80%) of the 263 roof-fall fatalities occurred 
in solid workings, and 53 (20%) in pillar workings. 


5. Eight (34) of the 263 roof-fall fatalities occurred in places 
where roof bolts were installed as permanent supports. However, roof 
bolts were involved in only one of these fatalities, and in this case 
the bolting plan was not adhered to strictly; four occurred while the 
victims were drilling bolt holes without the use of conventional sup- 
ports as temporary protection; and three men were killed while loading 
coal inby the bolted area without benefit of some means of, temporary 
protection from falls of roof. 


Fatalities by Cause of Accident 


1. The study disclosed that management failure was responsible 
for 127 (486) of the 263 roof-fall fatalities investigated. Fatalities 
were charged to this category under the following conditions: 


a. The foreman did not have a known bad roof condition 
corrected @eeeeeoseeeesneeneoeseeeeeeeoeueseee esos eeeseeaeeeeanenese 47 


b. The foreman was aware of the large unsupported area 
under which men were working but did not have the 
condition corrected @eeeeoeeeoesveeseoesvseeeee@eseseeeaeeaeeeeoeaeoeeaeese © 33 


c. The foreman examined roof but did not detect bad 
condition il NR i la 8 


ad. The foreman visited the place just before the accident 
occurred but did not examine the roof ....c.ccccccccese 7 


e. Umnecessary exposure of foreman to obviously great 
danger @®e@esesee@oeeaesewea@ oecCeoeeeeve@soeseeaeseeaeseeaeweoaeesee@eaes cuaeseeoeeeseoeseses 6 


f. Failure to examine roof and ribs along haulageways ... 
g@. Crosscuts opened opposite each other ....ccccccssccscece Y 


h. Management allowed the place to be driven too wide 
(up to 60 feet) @e@eseseeceoeenewe@seseenseaeeeveeveeoeeeeeea2eaeede0e20e28e80e8080 3 


i. The foreman ordered men to work in inactive area 
without first examining the area ...cccccccccccercccce 3 
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fall fatalities investigated. 


q. 


Proper support material not supplied .....cccccccccves 
Underground supervision not provided ...cccccccccccces 


The foreman required men to work in an area where a 
roof fall was imminent @e@eeoeoeeseeese<aeeueueooceosoeeeseeeseesesn4uoeeespre@e~eenonuees 


Failure to maintain straight pillar line resulted in a 


bump CROSSE CoO H SOHO HEHEHE H OTOH ES OOHE HEHE EOS ELE EOS 


Roof bolting plan not strictly Pollowed .....ccccccnee 


The foreman ordered men to recover timbers by hand 

from a mined-out area See ehg. Sie Searle sOhe bribes Sele Oe OO te ete aS eae 
e t] 

The foreman did not require the use of temporary sup- 

ports while installing roof bolts ...cccccceccccccvees 


The foreman did not correct a condition of inadequate 
clearance between timber and rolling stock ........... 


2. Employee failure was responsible for 76 (29%) of the 263 roof- 


following categories: 
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a. 


Employees did not correct a dangerous condition that 
developed in hand-loading places in the absence of 
the foremen @®eeoocoovo eo eco eoeesvesee#espsmoaeveevesvsoeosesessnsev2e2ee002e020080800880 6 


Employees removed roof supports to allow free movement 
of equipment eeoseoeoesvseveesv ee eeeo#esesoneeeenmee@e@esoeaoeeaeevnease0eeev 0 ee ee @ 


Employees did not correct dangerous conditions that 
developed in a machine-loading place in the absence 
of the foreman. (The roof was adequately supported 
at the time of the foreman's inspection.) ...ceccccece 


Employees did not detect or support bad roof resulting 
from blasting @eeeeetpoeoeenvean@eeeoeeeeeopeavnevsoseeeaeeaeno0ee 0eaeeeeeee 8 


Employees did not carry out instructions of the 


foreman CCC HCO E OOH SOHO OHH ROR HEEC ECOSOC E CC OE EE EEO OSES LOCOS 


Voluntary and unnecessary exposure to known great 


danger @eeseescesvoesoecoevasvseseeoesv eee ees scovoeveeve*7sesevnenes een 0ea40ea eee eeene 8 


Intentional removal of supports to facilitate hand 


loading @eeeesoeeaeveeaevpaevoeeesneevneeeaeveeve4@aseesoevneeeoeaeeveuau eeoee ee @ 
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These failures are broken down into the 


36 


h. Careless or reckless operation of equipment ........e~ 3 


i. Men working in mines in violation of a State closing 


order @eeoaena ea eae eoeaeeaec ea oeaua cows oaoeaveeasveeava ea eoeaoeeovn een eoeeoeanea2aeneae eo @ 2 


j. Employee did not replace posts knocked out by a 


machine @eeseeeoeceoeonsneaeeeeseoeaseseeveeoeeeeseseaeneoeaeeseeaesaeeeaneuvue0n0ee ee 80 80 1 


3. Joint or undetermined failure accounted for 31 (12%) of the 263 
roof-fall fatalities investigated. These are broken down into the follow- 
ing categories: 


a. Victims were attempting to secure the roof that fell.. 15 
b. Rolling stock dislodged roof supports ........ccceseee Ll 


c. Victims were taking down loose roof, generally with a 


pick Tre et ee ee ee Te CL ee ee ET ee ee ee Te ee ee ee ee eee 5 


4. Dangers that could not be foreseen accounted for 29 (11%) of the 
263 roof-fall fatalities investigated. Following are some examples of 
conditions under which accidents were charged to this category: 


a. The roof seemingly was well supported with crossbars set 
close together, and a piece of rock fell between them. 


b. A fall started near the face and "rode out" as many as 6 
crossbars set close to the face. 


c. Kettle bottoms that could not be detected by sight or 
by sound test fell without warning. 


ad. The piece of roof that fell seemingly was well supported. 


Fatalities by Occupation of the Victim When Injured 


"Occupation," as used here, means the victim's regular job classi- 
fication at the time he was injured. 


~ 


Hand loader (into cars or onto conveyors) ...cccccccccsccece 83 
Loading-machine operator or helper ...cccccccscccccccccccccoce Hy 
Cutting-machine operator or helper ...cccccccccccccccccssece 30 
Jip to lel pou. ts Rarer es ee pr ee a ne ee re re rr ry eee af 
Foreman CCCP ORES ECE SESE SEH HOH SOOO HORE CHO EHO EEE ES OEO®S el 
SOOCHSE LOR sai acg eb eiacasd wink bo 0.6 Sees WSS G SONS A oe wre eee tS 
General duty face Worker ..ccccccccccccecccccccccccccseresese LO 
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Die DELO? + cis hd. acd Sie hae We Bo 0 6 we WN ws Ca whee ese eeS 
10's ‘Boom end ‘CONVEYOR MAN: ii od ei- 666.66 05 WES WES OES eee ws 
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DD ,. MOC C= yp wai dies Sora one's ace oo eerie S88 6 wore w Sew oa ke owe eee 
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19. Safety committeeman while on inspection tour .....ccccccee 
20. Mine examiner (fire DOSS) .ecccccccccccccvccccccccccccccces 


Other Information Regarding Roof-Fall Fatalities 


1. Forty four (22%) of the 196 face roof-fall fatalities occurred 
in places where the adopted timbering plan was being followed, showing 
its inadequacy. 
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2. Mines employing less than 25 men were nearly twice as dangerous 
as those in any other size group, based on the number of roof-fall fatali- 
ties per thousand men employed, as indicated below: 


Fatalities Fatalities per thousand 
Size prcuz investigated men employed 


1 - 24 men oni 1.10 
25 - 99 men 34 ‘ 
100 - 299 men 79 62 
300 - 499 men 50 .67 
500 men and over 4g -60 


3. More roof-fall fatalities occurred between 1 and 2 p.m., 3 and 
4 p.m., and 5 and 6 a.m. than at any other hour of the day, as indicated 
in the following tabulation: 


Fatalities 
investigated 


11- ie p.m. 3 

12- 1 a.m. y 

9-10 a.m. l- 2 a.m. 1 

10-11 a.m. 2- 3 a.m. 5 
11-12 a.n. 3- & a.m. 2 
12- 1 p.m. h- 5 a.m. 3 
1- 2 p.m. 5- 6 a.m. 8 

Q- 6- 7 a.m. 2 


The average age of the 263 roof-fall victims was 42 years, and their 
average length of service was 18.5 years. 
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5. Permanent crossbars were not spragged to prevent their being 
knocked out of position. 


RECOMMENDATIONS 


This is the first time in the history of coal mining that the Bureau 
of Mines or any other agency or personhas assembled, on a nation-wide 
basis, detailed reports on the investigation of roof-fall accidents re- 
sulting in fatalities. A painstaking study was made of each such report 
for the purpose of obtaining information that may be beneficial to the 
industry in ridding itself of the roof-fall plague. The study reveals 
beyond a doubt that a much greater effort must be made to protect the 
workers from falls of roof. To insure the success of such effort, man- 
agement must provide, first of all, sincere, competent supervisors, 
particularly for face regions, and the employees must cooperate fully 
in carrying out effective roof-support measures. 


The following recommendations, based on information obtained through 
this study, are intended to reduce the incidence of roof-fall accidents 
in bituminous-coal mines: 


To management: 


l. Regardless of roof conditions, minimum standards for systematic 
roof support suited to the conditions and the mining system of each mine 
should be adopted and followed. The plan should show the minimum number 
and location of supports, either temporary or permanent, that shall be 
installed in the area near the face where men must work or travel, and 
the men should be instructed and required not to advance inby the last 
face support except those who are assigned to install the supports or 
to inspect the place. 


2. The quality of supervision as it pertains to safety should be 
improved, and one method of doing this is proper education of each 
supervisor. The training should be conducted by management, and, when 
considered advisable, the safety education facilities of the United 
States Bureau of Mines or other organizations should be utilized to 
supplement management's program. 


3. The roof, ribs, and face of each entry, room, or pillar where 
men work and the roof and ribs of passageways where they work or travel 
should be examined by a certified official as often as necessary to in- 
sure the safety of the workmen. Where dangerous conditions are found, 
they should be corrected promptly. 


4. Crosscuts, rooms, and entries should not be opened opposite each 
other. 
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5. Crossbars should be spragged sufficiently to avoid the possi- 
bility of their being knocked out of position. 


6. The bolting method of roof support should be adopted in areas 
where bolting is determined through experiments to be feasible and 
practical. 


Controlled experiments to determine whether roof bolting is appli- 
cable should be made in conformance with the procedures that have been 
worked out by the Bureau of Mines. Bureau experiments are made under 
controlled conditions with auxiliary conventional supports during the 
initial experimentation. After a safe and economical method of bolting 
is determined, no deviation from this method should be made without 
undergoing a new experimental period. Also, if roof conditions change 
radically from those encountered during the initial experimental period, 
@ new experimental period should be undergone, 


To employees: 


1. Employees should cooperate fully with management in developing 
a suitable roof-support plan and in obtaining compliance with it. In 
those places where roof supports are supposed to be installed by regular 
timberman, other employees should not enter or work therein unless the 
roof is properly supported. Under no circumstances should workmen accept 
less protection than the minimum set by the adopted plan. 


2. In the absence of the foreman, the employee should be constantly 
alert for changes in roof conditions and should take immediate steps to 
eliminate any danger that might arise. When he is not sure what action 
should be taken, the place should be vacated and the foreman notified. 


3. To better provide for his own protection and that of his fellow 
workmen, each employee should take special training in accident preven- 
tion. Such training is offered by the United States Bureau of Mines, by 
the management of some companies, and by other agencies. 


4k, A steel bar instead of a pick should be used to take down loose 
material, and employees should learn how to use a bar safely. 


5. Roof supports should not be removed deliberately to facilitate 
loading or to allow free movement of equipment unless equivalent pro- 
tection is provided by installing other supports. 
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TABLE 1. - Bituminous roof-fall fatalities investigated in 1950, by States 


State charged to falls of roof 
West Virginia. . 52 
Pennsylvania.. TT 73 
Kentucky...... 64 64 
Illinois...... ho 55 
Virginia...... 22 TT 
Oh106ss ssecees 8 17 47 
Colorado...... 6 8 75 
Utah ss iacncwss ») T T1 
Indiana ..ccoce 5 12 ho 
Tennessee..... 3 4 75 
Alabama....... 3 11 27 
North Carolina 2 2 100 
Wyoming....... 2 5 ho 
Oklahoma...... 1 2 50 
Montana....... 1 1 100 
ArkanBas...ces 1 1 100 
Maryland...... 1 1 100 
Washington.... 1 1 100 

Total....{ 23 | A443 9 

TABLE 2. - Bituminous face roof-fall fatalities investigated 
in 1950, by States 
Number of fatalities 
that occurred inby | Were safety posts set 
: the last permanent near the face? 

State No 
West Virginia ......cccccccceee 32 
PennSyYlvVanla ..ccrccccccccesece 15 
ROntucky 66 64026645440860ieeu en 12 
ELUINOTS 5 oi-0606.0'4. 6 ss Cw eee wee 12 
WAV GINGG, 6:56 66-sc00seswee ee eeewes 3 
ODL 65:668.6.54055.6'66 46 G5S SORE 5 1 
COLOVEGO 6 wie Sie 6666s eee ees 3 = 
TONNOG66O: 56660000 se eke 5 se wee 3 2 
Wyoming @eeeoeoeodo020e2@e020e20200808860888080868 086 2 2 
Maryland eeovoeveoveeeeeseeeoeeeeeve 1 1 
RI BOOMS 6556055 06046 0065 b0-6 6b wes 1 1 
North Carolina ..cccccccccccces 1 1 
ATEANGGS  6cis0 0.000 6 50 6006660068 L L 
Washington evoeeeneeeeeneeneeee eases 1 oa 


e 
ond 


Total @eoeoeeaee@esveanedenge2eceeaeonesvesc ee 8 
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